2.6-6.6), whereas the protective score showed an important reduction in risk, of 0.38. Conclusion. This study displayed consistent results from three different approaches. Concerning different food groups, stewed and processed meat are rich in salt; rice, tubers, and winter squash are sources of starch; and vegetables and fruits are rich in ascorbic acid and carotenoids. All these substances have been strongly related to gastric carcinogenesis. Furthermore, this study suggests that diets rich in vegetables and fruits and with low amounts of salty and starchy foods are recommendable for the prevention of gastric cancer.
Introduction
Until the mid-1950s, gastric cancer was the leading malignancy in the Uruguayan population [1] . Currently, stomach cancer occupies the fifth place in frequency, being surpassed by lung, breast, colorectal, and bladder cancers [2] . When the age-standardized rates are mapped by county, northern counties display very high values (age-standardized rates [ASR], 37.3 per 100 000 men and 18.3 per 100 000 women) [3] . In spite of its importance, the number of epidemiologic studies dealing with stomach cancer has been relatively scant in Uruguay. Because the treatment and prognosis of this tumor site in Uruguay has been poor, the only hope of improving the outlook is related to prevention. This, in turn, depends on precise knowledge of the etiology of gastric cancer. Because diet is a major determinant in gastric carcinogenenesis, studies of foods and nutrients have been considered of great importance in the precise identification of risk and protective constituents in foods. Moreover, foods (or food groups) have the advantage over nutrients in being most directly related to dietary recommendations [4] .
For this reason, we decided to conduct a case-control study on food groups and their relationships with gastric cancer. Furthermore, in this study we tried to identify relevant dietary patterns which could improve prevention strategies.
Subjects and methods
In the time period 1996-2000, a case-control study on environmental factors and gastric cancer was carried out in Montevideo, Uruguay.
Selection of cases
All patients with newly diagnosed and microscopically confirmed gastric carcinomas, admitted for diagnosis and treatment in the four major hospitals of Montevideo, Uruguay, were considered eligible for this study. A total of 248 cases were identified. From this initial number, 8 patients presented with disseminated disease, which precluded interviews. These patients were excluded from the study, leading to a final total of 240 patients with gastric carcinoma (response rate, 96.8%). There were 168 men (70%) and 72 women (30%) afflicted with the disease. The cases were distributed by subsite as follows: cardia (10.8%), fundus (0.8%), body (2.5%), lesser curvature (6.7%), greater curvature (0.8%), and antrum and pylorus (78.4%). Only 63 patients (26.3%) were classified according to the Lauren scheme; the pathology reports for the remaining cases established a diagnosis of adenocarcinoma without further specification.
Selection of controls
In the same period and in the same hospitals, 1832 patients with non-neoplastic disease (1210 men and 622 women) were considered eligible for the study. These patients presented with diseases not related to tobacco smoking or alcohol drinking, and were without recent changes in their diets. From the initial number of hospitalized patients, 98 refused the interview, leaving a final number of 1734 patients (response rate, 94.6%). From this potential pool of controls, 960 patients were frequency-matched to the cases for age (in 10-year intevals), sex, residence (Montevideo, other counties), and urban/rural status. The control series included patients with the following diseases: eye disorders (227 patients; 23.6%), abdominal hernia (207; 21.6%), fractures (100; 10.4%), skin disease (74; 7.7%), acute appendicitis (71; 7.4%), injuries (67; 7.0%), varicose veins (64; 6.7%), hydatid cyst (50; 5.2%), urinary stones (46; 4.8%), blood disorders (32; 3.3%) and osteoarticular diseases (22; 2.3%).
Interviews and questionnaire
Both series of patients (cases and controls) were interviewed face-to-face shortly after admittance to the hospitals. All the interviews were conducted in the hospitals by two trained social workers. The questionnaire included the following sections: (1) sociodemographics, (2) self-reported height and weight 5 years before the date of the interview, (3) history of cancer in firstdegree relatives, (4) a section on occupational exposure, based on job titles, (5) a complete history of tobacco smoking, (6) a complete history of alcohol drinking, (7) a complete history of maté drinking (maté is a herbal tea derived from the herb Ilex paraguariensis; this beverage is heavily consumed by the Uruguayan population and has been linked with several sites cancer), (8) menstrual and reproductive events, and (9) a food frequency questionnaire (FFQ) on 64 food items. These food items are considered as representative of the usual Uruguayan diet and allowed the calculation of total energy intake. The FFQ has not been validated, but it was tested for reproducibility with reasonably good results. Interviewers asked about the consumption of foods 5 years before the first symptom.
Definition of food groups
The following food groups were created for the analysis: (1) red meat-beef, lamb; (2) white meat-poultry, fish; (3) processed (salted meat) meat-salami; saucisson, hot dog, ham; (4) total meat-red meat, white meat, processed meat; (5) dairy foods-cheese, butter, whole milk, ice cream; (6) eggs-boiled eggs, fried eggs; (7) desserts-milk with sugar, rice pudding, custard, marmalade, cake; (8) fat-rich foods-red meat, processed meat, eggs, dairy foods, desserts; (8) grains-rice, polenta, pasta, white bread; (9) starchy foods-rice, bread, pasta, potato, sweet potato, winter squash; (10) raw vegetables-carrot, tomato, lettuce, onion; (11) cooked vegetables-swiss chard, spinach, winter squash, cabbage, cauliflower, beetroot, zucchini, red pepper; (12) total vegetables-raw vegetables, cooked vegetables; (13) citrus fruits-orange, mandarin; (14) other fruits-apple, pear, grape, peach, plum, banana, fig, fruit cocktail; (15) total fruits-citrus fruits, other fruits; (16) total vegetables and fruits-total vegetables, total fruits; (17) tubers-potato, sweet potato; (18) pulses-kidney beans, lentils; and (19) total plant foods-total vegetables, total fruits, tubers, pulses.
Definition of empirical scores
Two empirical scores were defined after testing the significance of each food item: (1) risk enhancing scorebarbecued meat, stew, saucisson, hot dog, ham, butter, mayonnaise, rice, white bread, custard, potato, winter squash; and (2) protective score -carrot, tomato, lettuce, onion, kidney bean, orange, mandarin, grape, peach, figs, coffee, and tea.
Statistical analysis
Each food group was categorized in tertiles following the distribution of the control series. Relative risks, approximated by odds ratios (ORs), were estimated by unconditional multiple logistic regression for men, women, and both sexes together [5] . Models included the following terms: age (categorical); residence, urban/ rural status, education (categorical); body mass index (categorical); tobacco smoking (pack-years, categorical); alcohol drinking (categorical); and total energy intake (continuous). For calculations involving both sexes together, a term for sex was included in the model. Each food group was entered one at a time. Test for trend for each food group was estimated after entering the categorical term for a food group as a continuous one (ordinal).
Dietary patterns were identified by factor analysis [6] . Loaded factors were rotated by varimax transformation in order to obtain a simpler structure with greater interpretability. A positive loading indicates that the food (or food group) is directly associated with the factor, whereas a negative loading indicates an inverse association [7, 8] . The labels for the generated factors were arbitrary and based on the interpretation of the authors. Scores for rotated dietary factors (patterns) were categorized in tertiles following the distribution of the controls.
Finally, empirical dietary scores were calculated after examining the risk of each individual food and summing each significant (at the 95% confidence interval [CI] level) item [4, 9] . This method resulted in a risk enhancing score and a protective score. Both scores were categorized in tertiles, according to the distribution of the controls. Odds ratios for empirical scores were estimated after controlling for potential confounding variables, according to the model explained above. All the calculations were performed with the STATA software program [10] .
Results
Distribution of cases and controls by sociodemographic variables and selected risk factors is shown in Table 1 . As a result of the matched design, age, sex, residence, and urban/rural status were very similar in both series of patients. Cases were slightly less educated compared with controls, but showed similar incomes. No differences were observed among the two series of patients regarding family history of stomach cancer in firstdegree relatives. Also, body mass index was rather similar in cases and controls. On the other hand, total energy intake was much higher in cases compared with controls (OR, 3.5; 95% CI, 2.1-5.8). Residents in the northern counties of Uruguay (a high-risk area) were associated with a non-significant and modest increase in risk (OR, 1.4; 95% CI, 0.9-2.0). Tobacco smoking was associated with an increased risk, of 1.5, for heavy smokers, and the P value for trend was significant. Total alcohol drinking was rather similar in both series of patients, although beer intake was directly associated with risk of gastric cancer (results not shown).
Odds ratios of gastric cancer for food groups (both sexes together) are shown in Table 2 . Processed (salted) meat, stewed meat, rice, white bread, all cereals, potato, all tubers, winter squash, and total starchy foods were positively associated with the risk of stomach cancer. All these associations were significant, and the higher risks were associated with high consumption of rice (OR, 2.16; 95%, CI 1.46-3.20) and stewed meat (OR, 2.02; 95% CI, 1.36-2.99). On the other hand, eggs, raw vegetables, total vegetables, citrus fruits, other fruits, total fruits, total vegetables and fruits, pulses, total plant foods, coffee, and tea were inversely associated with the risk of gastric cancer. The strongest negative associations were observed for tea, raw vegetables, and citrus fruits (OR for high intake of raw vegetables, 0.38; 95% CI, 0.26-0.57; P value for trend Ͻ0.0001). Red meat, white meat (poultry plus fish), total meat, dairy foods, desserts, fat-rich foods, cooked vegetables, and pasta were not associated with risk of gastric cancer.
Odds ratios of gastric cancer, stratified by sex, are shown in Table 3 . In men, salted meat, stewed meat, rice, and winter squash were directly and significantly associated with gastric cancer risk. On the other hand, raw vegetables, total vegetables, citrus fruits, other fruits, total fruits, total vegetables and fruits, total plant foods, coffee, and tea were significantly associated with reduced risk of gastric carcinoma. The remaining foods and food groups were not associated with gastric cancer risk. In women, total grains, white bread, total starchy foods, cooked vegetables, potato, and all tubers were directly associated with increased risk of gastric cancer. Furthermore, all these food groups were significantly associated with the disease. Also, salted meat displayed a moderate and non-significant increase in risk (OR, 1.70; 95% CI, 0.9-3.4). Pasta, eggs, legumes, and black tea displayed significant reductions in risk (OR for high intake of pulses, 0.37; 95% CI, 0.17-0.81). Raw vegetables and citrus fruits were associated with nonsignificant reductions in risk (OR for high consumption of citrus fruits, 0.56; 95% CI, 0.28-1.14).
Factor analysis allowed the identification of three dietary patterns. The first one, which we called a "starchy pattern", reflected the correlated intakes of foods rich in starch, such as total grains and tubers (Table 4 ). The second pattern or factor, called "healthy pattern", displayed relatively high positive loadings of white meat, dairy foods, desserts, raw vegetables, and fruits. The third pattern was labeled "mixed pattern" and showed relatively high loadings of red meat, processed meat, eggs, and pulses.
Odds ratios for the dietary patterns are shown in Table 5 . The starchy pattern was directly associated with risk of gastric cancer, both unadjusted and adjusted for total energy in the multivariate model. There was evidence of a linear trend ( 2 , 14.82; P value for trend, 0.0002). The high load for this factor displayed a high increase in risk (OR, 2.51; 95% CI, 1.54-4.10). When the results were discriminated for sex, ORs were much higher (OR, 4.17; 95% CI, 1.78-9.79; P value for trend, 0.001). The crude ORs for the healthy pattern did not reach formal statistical significance at the 95% CI level, although the highest load showed a protective effect of ; P value for trend, 0.98). When this factor was fully adjusted in the multivariate model which included total energy intake, the highest load was strongly protective (OR, 0.59, 95% CI 0.38-0.90; P value for trend, 0.01). This reflected the strong confounding effect of total energy. Whereas men displayed a modest reduction in risk, which was nonsignificant (P value for trend, 0.20), women were strongly associated with the healthy pattern, with an OR of 0.27 (95% CI, 0.11-0.68; P value for trend, 0.02). Total energy intake was highly positively correlated with the three factors. The highest correlation coefficient was observed between starchy pattern and total energy (rho, 0.62), closely followed by the coefficient between mixed pattern and energy (rho, 0.53). Also, starchy and mixed patterns were significantly correlated (rho, 0.28). On the other hand, starchy and healthy patterns lacked any correlation (rho, 0.00) (results not shown in Tables) .
Odds ratios of gastric cancer for empirical dietary scores are shown in Table 6 . As expected, the risk enhancing score was strongly and directly associated with an increased threefold risk of stomach cancer (OR, 3.16; 95% CI, 2.10-4.75; P value for trend, Ͻ0.0001). There were no significant differences by sex. On the other hand, the protective score displayed an impressive reduction in risk (OR, 0.23; 95% CI, 0.15-0.36; P value for trend, Ͻ0.0001). There was no heterogeneity between sexes.
Discussion
According to the results of our study, we found significant associations between the three dietary patterns and gastric cancer risk. These associations were more evident after adjusting for total energy intake in a multivariate model. This is not surprising, because total calorie intake was highly correlated with these patterns. Furthermore, in our study population, energy was a strong risk factor. Thus, total energy consumption fulfils the conditions of an important confounder of eating patterns. In some studies, energy intake was reported as being directly associated with risk of stomach cancer [11] . The starchy pattern showed heavy loading of grains and tubers. Both these food groups are rich in starch, which has been considered in recent reviews as a possible risk factor for gastric cancer [12, 13] . Several studies reported increased risk of this malignancy for rice, potato, and white bread intakes [11, 14, 15, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . hese individual foods were included in our starchy pattern. The results for the starchy pattern were consistent with our findings for food groups and for the empirical scores. Both our factor analysis and analysis of empirical scores revealed increases in risk for white rice, bread, potato, and winter squash. Also, the prospective study of Kneller et al. [22] , in the United States, reported high risks with total carbohydrates and cooked cereal. The mechanism(s) of starchy foods in gastric carcinogenesis are unclear at the present. These foods could be confounded by incomplete evaluation of socioeconomic status [26] . Another explanation has been suggested by Buiatti et al. [27] . According to these authors, starchy foods are frequently consumed after reheating, in the absence of a satisfactory reduction in their bacterial content. Also, La Vecchia et al. [26] have suggested that traditional foods are associated with a deficiency of B vitamins. Starchy foods could be associated with low-protein diets, which may favor acidcatalyzed nitrosation in the stomach because of the poor buffering capacity of such diets [13] . Finally, high-starch diets may also result in mechanical damage to the gastric mucosa [13] . The "healthy" pattern was characterized by positive loading of vegetables and fruits and, to a lesser degree, by white meat and dairy foods. According to recent reviews and previous reports [11-13,15-17, 19,20,23,24,27-31] , vegetables and fruits are strongly protective in gastric cancer. Moreover, these food groups are rich, among other nutrients and bioactive substances, in ascorbic acid, beta-carotene, and other carotenoids. In particular, vitamin C blocks intragastric nitrosation, thus interrupting the steps towards the development of atrophic gastritis, dysplasia, and carcinoma in gastric carcinogenesis [32] . In a recent randomized trial of antioxidant supplements for the chemoprevention of gastric dysplasia, ascorbic acid, and beta-carotene reduced the progression to gastric atrophy (relative risk [RR], 0.30) and to intestinal metaplasia (RR, 0.29) [33] . These figures highlight the importance of both vitamins and their sources (vegetables and fruits) in gastric carcinogenesis. According to Key et al. [34] , randomized controlled trials eliminate the biases which could be present in observational studies. Thus, the above-mentioned trial of Correa et al. [33] supports our results.
Also, at least four prospective studies have reported significant reductions in risk for vegetable and fruit consumption: for total plant foods in the United States [35] , for green/yellow vegetables in Japan [36] , and for total fruits and vegetables in Wales [37] . On the other hand, Botterweck et al. [38] suggested that vegetables and fruits were not associated with stomach cancer risk in the low-risk population of The Netherlands.
It is important to emphasize that our empirical score included most fresh vegetables and fruits, pulses, and black tea. Also, the ORs for high consumption of tea were associated with a reduction in risk (OR, 0.20; 95% CI, 0.11-0.37). Previous studies conducted in China and Japan reported an important reduction in risk of stomach cancer for intake of green tea [29, 39, 40] . Also, a case-control study in Sweden showed that black tea intake was associated with a substantial decrease in gastric cancer risk [30] . On the other hand, a prospective study, carried out in The Netherlands, suggested that black tea intake did not affect the risk of gastric cancer [41] . It has been suggested that tea polyphenols could inhibit endogenous nitrosation [42] . Other mechanisms have been suggested; for example, an antiproliferative action, inhibition of cell transformation, and induction of apoptosis [42] . Further studies on the role of tea and coffee in gastric carcinogenesis are clearly of importance.
Salt (or salty food) has long been considered as a risk factor for gastric carcinoma and various previous studies [6, [11] [12] [13] [15] [16] 19, 22, 32, 43, 44) , have considered salt as an important risk factor for stomach cancer. This is probably due to a direct effect of salt on the gastric mucosa, leading to an atrophy [13] . Our mixed pattern showed positive loading for an important source of salt; that is, processed meat. Unexpectedly, this eating pattern was associated with a reduction in risk. A possible explanation could be related to the fact that the pattern also showed positive loading for eggs and pulses. These food groups were significantly protective in our study population. However, some foods rich in salt (salami, saucisson), frequently consumed in Uruguay, were associated with a significant increase in risk, as shown in the empirical risk enhancing score and in the analysis of food groups.
Previous studies of gastric cancer employed factor analysis in an effort to identify precise patterns which could be useful for preventive purposes. The study of Palli et al. [8] , is noteworthy in that it identified a traditional pattern, associated with increased risk of gastric cancer, and a vitamin-rich pattern that was strongly protective. Our results are rather similar to those presented by Palli et al. [8] .
There were significant differences by sex in our study. Similar findings were reported by McCullough et al. [35] . In fact, ten foods or food groups were statistically heterogeneous by sex. For example, total plant foods were strongly protective in men, whereas this food group was directly associated with gastric cancer in women. These differences could be related to reproductive factors [45] . It is rather difficult to exclude a chance finding [35] . Whatever the mechanisms involved, the reasons for these differences by sex are unclear.
Our study, as occurs in other hospital-based casecontrol studies, has limitations. In the first place, the study is open to selection bias. This bias is almost impossible to avoid. We tried to minimize selection bias by frequency-matching of cases and controls for age, sex, residence, and urban/rural status. Classification bias is an other important bias. It is unlikely that misclassification bias could have occurred in our study. This is mainly due to the fact that the cases were mostly not informed about the dietary factors that could be operating in the process of gastric carcinogenesis. Nevertheless, recent changes in the diet could result in misclassification bias. In order to avoid this source of bias, we decided to ask about food consumption 5 years before the first symptom. It is acknowledged that is rather difficult to recall precisely the diet consumed in the past. In fact, some authors have suggested that casereferent studies are potentially prone to bias, and they have considered that only prospective studies are free from recall bias [46] . Interviewer bias is unlikely, because both our interviewers were unaware of the particular diets related to gastric cancer. Finally, a rather important limitation is linked with the impossibility of controlling according to Helicobacter pylori infection. Because infection with H. pylori is more prevalent in the less educated population, we included years of education in all models. On the other hand, the study has strengths. Perhaps the major strength is the high response rate, both for cases and controls.
In summary, the present study on food groups and risk of gastric cancer displayed consistent results arising from three different approaches: food group analysis, factor analysis, and analysis of empirical scores of risk. The following foods were directly associated with gastric cancer: processed (salted) meat, stewed meat, rice, white bread, potato, and winter squash. Processed meat and stewed meat are rich in salt; and grains, potato, and winter squash are an important source of starch. On the other hand, fresh vegetables, fruits, and black tea were strongly protective. Furthermore, fruits and vegetables are sources (among other protective agents) of ascorbic acid and carotenoids, which were associated with a high effect against the progression of gastric carcinogenesis. The role of black tea should be further investigated. The identification of these dietary patterns could allow the implementation of precise preventive strategies in order to avoid an increased incidence of gastric cancer in Uruguay. More precisely, diets rich in vegetables and fruits and with a low content of salty foods and starchy foods are recommendable.
